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CONSTRUCTION MANAGEMENT
Analysis of plant construction accidents and loss estimation using insurance
loss records
Ji-Myong Kim a, Taehui Kim a, Junseo Bae b, Kiyoung Son c and Sungjin Ahn a
aDepartment of Architectural Engineering,MokpoNational University, Mokpo, Republic of Korea; bSchool of Computing, Engineering and Physical
Sciences, University of the West of Scotland, Paisley, UK; cSchool of Architectural Engineering, University of Ulsan, Ulsan, Republic of Korea
ABSTRACT
There are many risks and uncertainties in plant construction projects, because of their complexity,
diﬃculty in loss prediction and size of construction being large. The risk management of plant
construction projects should not be relied solely on experiences and intuition of the contractors or
the construction managers as it has been in the past. Therefore, a new quantitative and empirical
risk analysis is required, in order for the development of a risk assessment using risk indicators for
the plant construction projects. This research used the insurance payout record from a global
insurance company to reﬂect the actual quantitative loss in the risk assessment model for plant
construction project. The researchers adopted the geographic information as well as construction
information (construction phase and commissioning phase, schedule rate, total duration), as the
independent variables, which found to be statistically signiﬁcant in the analysis in this study. It was
found that the relationship between damage ratio and the valid variables was statistically signiﬁ-
cant, and thus, the damage model is also statistically signiﬁcant. This research suggests that the
regression model containing such valid independent variables could be beneﬁcial in terms of
providing foundational guidelines for the plant construction project risk analysis.
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1. Introduction
1.1. Background and objectives
The global low oil prices, which have continued in recent
years, are on the reduction trend and plant orders have
risen. According to the K-indicator index that provides
Korean national statistical indicators, the domestic plant
industry in 2017 was worth US $ 26.7 billion, and had
increased 27.6% from the previous year. The plant con-
struction industry holds much in common with general
construction, in the sense that 1) production methods
vary according to the project location and purpose, 2) it
is diﬃcult to judge the eﬀective value of the investment,
and 3) it demands high manpower. In addition, the plant
construction industry also requires high-level designs and
fabrication techniques as well as a variety of knowledge
services. In addition, compared to general construction,
brand-name reputation also has an impact on plant con-
struction, and integrated management aﬀects not only
the construction schedule but also the success or failure
of the business. Also, plant construction has any diﬀer-
ences from the general construction; the equipment sup-
plier interface directly or indirectly aﬀects the design and
construction, since the equipment is produced in special
order according to the project, compared with the gen-
eral construction using the standardized parts. Due to
such distinctive features, the plant construction business
holds a relatively high risk.
The purpose of the risk analysis is to improve under-
standing of the nature of the risk and to obtain more
CONTACT Sungjin Ahn sjahn.peter@gmail.com 1666, Yeongsan-ro, Cheonggye-myeon, Muan-gun, Jeollanam-do, 58554, Republic of Korea
JOURNAL OF ASIAN ARCHITECTURE AND BUILDING ENGINEERING
https://doi.org/10.1080/13467581.2019.1687089
© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of the Architectural Institute of Japan, Architectural Institute of Korea and
Architectural Society of China.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
information on the outcome and feasibility. In the
“Guidelines for Risk Analysis Method” of the Korea
Occupational Safety and Health Administration, the
decision on the risk priorities should be based on
actual analysis of the information and data, rather
analysis by speculation. Prioritizing the risks and their
causes must be speciﬁed based on scientiﬁc methods,
as opposed to the superﬁcial causes of problems, in
order to establish the appropriate and practical coun-
termeasures. The International Organization for
Standardization has redeﬁned ISO 31000 (Risk
Management – Principles and Guidelines, 2009) the
concept of risk and risk analysis, i.e., risk was commen-
ted as the eﬀect of uncertainty on its objectives, and
risk analysis as materializing the uncertainties about
future goals into predictions in a scientiﬁc way as pre-
cisely as possible. Although many companies have
individually established and applied their own risk
assessment methods and countermeasures to meet
their speciﬁc need, the evaluation methods that can
be applied practically are still not suﬃcient. Hence, the
risk analysis based on quantitative grounds are
necessary.
This study aims to 1) analyze the cause of accidents
as per the speciﬁc aspects of diﬀerent plant construc-
tion projects (construction/commissioning, schedule,
landform and total duration) based on the actual
plant construction damage compensation insurance
data, and to 2) develop a loss predictive regression
model in order to understand the quantiﬁed manage-
ment factors of plant construction risks.
1.2. Research scope and methodology
This research studies the risk management factors and
loss prediction model in the plant constructions by
analyzing the causes and results of the accidents, and
quantitative loss data. The scope of risk management
was limited to the construction/commissioning phase
in the entire plant project process, which includes the
phases of bidding and contracting, design, procure-
ment, construction and commissioning, as the con-
struction/commissioning phase is the only phase that
pertains to the risk management of actual, physical
accidents. To identify the objective loss index of the
risk, the researchers adopted the data of the insurance
payout for the accidents happening in the plant con-
struction projects, limiting the payout data as more
than 50 billion KWN, and from 2001 to 2016. More
speciﬁcally, the authors used the information on the
collected accidents and their corresponding loss insur-
ance payout to classify the causes of accidents accord-
ing to the construction/pre-commissioning, process
rate, landform and total duration of the plant construc-
tion project. This information was also used to measure
the severity of the risk by using the frequency and
amount of payout of each accident. Also, a loss
prediction model with above plant project information
factors as independent variables was suggested
through a regression analysis.
2. Literature review
The purpose of risks analysis is to identify appropriate
and eﬀective strategies to manage the risk by con-
fronting, avoiding or reducing them. However, even
though cost and schedule in construction projects
have received much attention, risk analysis has rather
lagged behind in the literature. Especially, for long, the
traditional risk analysis methodology in construction
projects has remained in the realm of qualitative ana-
lysis, while quantitative risk analysis methodologies
can provide more sophisticated techniques and accu-
rate measurement to examine and analyze the risks,
mathematically as well as statistically. Applying quan-
titative risk analysis methodologies enables modelling
construction projects by quantifying the risk factors,
their actual occurrence and the impact. In spite that
many preceding studies involving risk analyses has
mainly been conducted from the qualitative perspec-
tive, many recent studies adopted quantitative meth-
odology in their analyses.
The construction industry is often considered highly
risky, because of its complexity and nature, as it involves
lots of stakeholders, a long period of time, and huge cost
scale. Such technological and strategic complexity
causes the risks based on the uncertainty (Zou, Zhang,
and Wang 2007). Although all aspects of the risk man-
agement and analysis process have received much
attention from many researchers, risk assessment still
remains a controversial issue (Baloi and Price 2003). That
is, the construction and plant industry has received
a poor reputation for risk assessment despite being
high-risk industries when compared with other indus-
tries, such as insurance or ﬁnance. (Laryea 2008). Baker,
Ponniah, and Smith (1998) surveyed construction and
oil companies to analyze eﬀective qualitative and quan-
titative risk assessment techniques. The researchers
found that personal experiences and professional engi-
neering judgement is the most frequently used qualita-
tive techniques. Wood and Ellis (2003) also show that
personal experiences and judgement are the main risk
assessment factors and risk management is commonly
performed with simple means such as checklists and
surveys. Similarly, Dikmen, Birgonul, and Erdem Arikan
(2004) found that personal experiences and judgement
were prevailing quantitative risk analysis tools. Dikmen,
Birgonul, and Han (2007) found that the qualitative
methods for risk assessment were used more frequently
than quantitative methods in construction risk assess-
ment research and subsequently asserted that the sub-
jective assessment factors, such as personal experiences,
knowledge and intuitive decision should be systemized
to apply quantitative risk assessment.
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The quantitative analysis provides realistic and
numerical values and these oﬀer a better understand-
ing and decision-making. (Khan, Rathnayaka, and
Ahmed 2015). Warszawski and Sacks (2004) found
that the sensitivity analysis was the most frequently
used technique for risk analysis in construction pro-
jects. They argued that advanced and reﬁned meth-
ods ware not generally adopted, owing to the fact
that the construction projects are mostly one-oﬀ
enterprises and required input information are not
suﬃcient. Risk cost has been considered the most
common scale in risk analysis and various studies
used the risk cost as a risk impact measurement
scale (Ben-David and Raz 2001; Fan and Yuan-Chang
2004; Molenaar 2005; Cagno, Caron, and Mancini
2007; Cioﬃ and Khamooshi 2009). Despite the fact
that many researchers have conducted the risk analy-
sis for diﬀerent project goals, they rarely used actual
risk cost. Therefore, the use of risk cost as an assess-
ment scale would seem to improve the accuracy and
validity of the risk analysis. Fuzzy Set Theory (FST) has
been proposed by Tah and Carr (2001) and Hsiau and
Chun Wei (2009) to analyze construction risk manage-
ment. Tah and Carr (2001) focused on quantitative risk
analysis while using data based on objective prob-
abilities in the construction industry. They used the
Fuzzy set theory analysing risk and suggesting project
risk rating. Hsiu and Lin (2009) have proposed an
extended fuzzy PERT (Project Evaluation and Review
Technique) approach to determine the earliest start
time of plant construction project and developed
a Project Scheduling Risk Index (PSRI) to assess the
project scheduling risk for the decision-makers. These
fuzzy sets are derived from the opinion by the agree-
ment of several experts. Heravi and Gholami (2018)
used sensitivity analysis to measure the impact of
organizational learning and risk management matur-
ity in plant construction projects. However, These
Fussy set and sensitivity analysis still depends on
expert opinions which could also be rather concep-
tual or abstract than concrete and generalizable. Jun
and Haiyan (2010) utilized value mining theory in
evaluating potential revenues and risks for construc-
tion projects in the phases of feasibility research. The
study proposed an optimization among many
schemes for construction project feasibility studies,
which incorporates multi-target fuzzy decision-
making principles and satisfaction degree of value
mining. Rezakhani (2011) described a fuzzy risk ana-
lysis model development in order to assess the risks in
construction projects and concluded that the model
indicated a systematic and eﬀective way for risk ana-
lysis. However, the researchers of this study did admit,
the model included some disadvantages. That is, the
computations in fuzzy risk analysis model could be
rather tedious, if performed manually. Thaheem, De
Marco, and Barlish (2012) presented a review of 16
quantitative risk analysis techniques for construction
project risk analysis and asserted that there is need for
simplifying the techniques and that three techniques
including interviewing, probability distributions and
EMV techniques are intermediary for their possible
complexity or construction management profes-
sionals’ lack of knowledge of techniques. This paper
also highlighted the need for creating the new tech-
niques, by improving the understanding and usability
of various quantitative analysis methods. More
recently, An quantitative risk assessment methodol-
ogy for construction project suggested a risk quanti-
ﬁcation methodology for construction project and
presented how it should be applied to an industrial
construction project (Gupta and Thakkar 2018). In this
research, a case study was conducted integrating an
approach to hierarchize the risks using Group
Technique for Order Preference by Similarity to Ideal
Solution (GTOPSIS) and to quantify the risks in rela-
tion to the construction project delays using
Judgemental Risk Analysis Process (JRAP), and
Monte Carlo Simulation (MCS). This study concluded
that JRAP and MCS are more eﬀective in managing
and controlling project risks and that the risks are
heavily determined by the project schedule; thus con-
cluded that the suggested methodology provides
a better risk priority list as it quantiﬁes the risks.
Keshk, Maarouf, and Annany (2018) dealt with
a variety of risks that should be taken into considera-
tion in management of construction project in quan-
titative and qualitative analysis. Among their ﬁndings,
more pertinent is that strategies of responding to the
risks depend on quantiﬁcation of their types and
sizes, and that the no strategy can be suitable to
confront all the risks.
As shown above, even though various studies have
used diﬀerent analytical methods to derive the factors
of plant construction risk management and quantita-
tively interpret qualitative data, it is diﬃcult to
exclude subjective probabilities from the underlying
qualitative data such as opinions of experts.
Therefore, quantitative assessment for plant construc-
tion risk assessment is needed to validate risk factors
and predictive models through quantiﬁed databases
such as risk cost.
3. Insurance payout data
3.1. Data collection
In this study, a total of 221 cases including accidents
and insurance compensation information about the
loss at the actual plant construction project site were
collected from an “A” insurance company for quantita-
tive analysis.
The construction insurance covers mainly material
damage, human accident and third-party damage. The
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scope of data is limited to insurance payout for material
damage at the site from 2001 to 2016.
3.2. Causes of damage
The types of the accident that cause the damage and
loss in the plant construction project were selected from
the liquidated damage clauses in contracts and divided
into management factors and natural disaster factors.
As shown in Table 1, the management factors
are 1) worker’s carelessness, 2) construction defect, 3)
mechanical defect 4) ﬁre and explosion, 5) electrical acci-
dent, 6) stolen and natural disaster factors involve 7)
Typhoon 8) ﬂood, 9) heavy rain, 10) heavy snow, 11)
cold wave and 12) et cetera. Table 2 shows the frequency
of accidents and the sum of claim payments for the
causes of accidents in domestic and overseas plant con-
struction projects.
In the case of accident frequency, mechanical defect,
worker’s carelessness, construction defect, ﬁre & explo-
sion were the most frequent causes of damage in the
plant construction sites. The average of claim payments
was highest in order of ﬂood, ﬁre and explosion, mechan-
ical defect. Based on the total amount of payment, the
amount of payment was highest in the order of mechan-
ical defect, ﬁre and explosion and construction defect.
4. Plant construction risk
4.1. Construction/commissioning
The plant construction process can be divided into the
construction phases required by the drawing and spe-
ciﬁcation for the structures and the mechanical equip-
ment, and the commissioning phases to test whether
the equipment and facilities are operating normally.
“Commissioning” refers to a series of veriﬁcation pro-
cesses in plant construction projects carried out in order
to conﬁrm whether a facility has been designed, pro-
cured, fabricated, installed, tested and prepared for nor-
mal operation in accordance with the design drawings
and speciﬁcations. Compared to general construction
work, plant construction cost is low in the construction
phase, but it is very risky in the commissioning phases.
Due to the various defects and mistakes made during
commissioning, additional equipment expenses and
compensation by payments are often required.
Using the data collected in this study, the frequency
of accidents during construction and commissioning
phases was 77.0% in construction and 23.0% in com-
missioning, and the total payouts and average payouts
from insurance company in the construction phase was
higher than the commissioning phase (Figure 1).
In the construction phase, 46 cases (20.8%) out of 221
cases were mechanical defects and 36 (16.2%) construc-
tion defects, and 32 (14.4%) worker’s carelessness. In
terms of insurance payout, mechanical defects
amounted to 22.8% (9,187 Mill. KNW) out of a total
amount of collected insurance payout data set (40,309
Mill. KWN), ﬁre & explosion 13.7% and construction
defects 11.3%, respectively. The frequency of damage
caused by natural disaster, Typhoon, was 5.9% (13 cases)
and insurance payments was 5.9% (3,044 Mill. KWN)
based on the total amount of insurance payments.
In the commissioning phase, the accident frequency
was estimated in the order of 15 worker’s carelessness
(6.8%), 13 mechanical defects (5.9%) and 10 construction
defects (4.5%) out of 221 cases. Insurance payouts broke
down to 8.4% (3,388 Mill. KWN) mechanical defects, 4.4%
(1,757Mill. KWN) worker’s carelessness, and 3.7% (1,486
Mill. KWN) construction defects. In the commissioning
process, losses due to natural disasters were less
than 1.0%.
4.2. Process rate
The collected data were classiﬁed into ﬁve sections
with a process rate of 20%, which was compared with
the frequency of accidents and the average compensa-
tion amount.
As shown in Figure 2, the order of accident fre-
quency was reckon to be as following: 40 ~ 60% sec-
tion (63 cases, 28.5%), 60-80% section (57 cases,
25.8%), 80–100 (7 cases, 25.8%). Each accumulated
process rate sections are described in below;
Table 1. Causes of loss in plant construction projects.
Causes of Loss
Management
Factors
1. Carelessness of Worker
2. Failure of Construction
3. Failure of machine
4. Fire & Explosion
5. Electric accident
6. Stolen
Natural disaster
Factors
7. Typhoon
8. Flooding
9. Heavy rain
10. Heavy snow
11. Cold wave
Etc 12. Etc.
Table 2. Frequency of accidents and the claim payments.
Cause of Loss Frequency Percentage
Total Claim
Payments
(Mill. KWN)
Average
Claim
Payments
(Mill. KWN)
3. mechanical
defect
59 26.1% 23,361 376
1. worker’s
carelessness
47 20.8% 5,841 121
2. construction
defect
46 20.4% 6,079 129
4.Fire &
Explosion
17 7.5% 6,541 384
7.Typhoon 16 7.1% 3,545 221
5.electrical
accident
11 4.9% 1,220 110
9. heavy rain, 10 4.4% 718 71
8. Flood 4 1.8% 1,741 435
12. etc. 4 1.8% 631 157
6. stolen 3 1.3% 283 94
11. cold wave 2 0.9% 649 324
10. heavy snow 2 0.9% 500 250
Total 221 100% 5,111
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In the section between 40-60%, mechanical defects
had the highest frequency (21cases, 9.5%) followed by
worker’s carelessness (11 cases, 5.0%), and construc-
tion defects (10 cases, 4.5%). Insurance payouts broke
down to 16.7% (6,728 Mill. KWN) mechanical defects
and 6.1% (2,473 Mill. KWN), ﬁre & explosion. Loss fre-
quency by natural disasters were heavy rain (6casses,
4.1%) and ﬂood (5cases, 2.3%). Among the insurance
payout, there were 4.3% (1,731 Mill. KWN) of ﬂood and
4.0% (1,604 Mill. KWN) of Typhoon.
In the section between 60-80%, same as the above
section, worker’s carelessness had the highest fre-
quency (15cases, 6.8%) followed bymechanical defects
(14 cases, 6.3%), and construction defects (12 cases,
5.4%). Insurance payouts broke down to 7.1% (2,845
Mill. KWN), 4.7% (1,887 Mill. KWN) and 4.1% (1,648 Mill.
KWN) respectively.
In the section between 80-100%, the order of acci-
dent frequency was determined to be as follows: 15
worker’s carelessness (6.8%) 14 construction defects
(6.3%) and 12 mechanical defects (5.4%). In terms of
insurance payouts, mechanical defects amounted to
7.4% (2,966 Mill. KWN), worker’s carelessness 4.0%
(1,621 Mill. KWN), and construction defects 3.5%
(1,425 Mill. KWN), respectively. As the rate of process
increases, compared to the initial stage of the process
rate, frequency and average insurance payments by
the management factors such as mechanical defects,
construction defects was high. The frequency of
natural disasters such as typhoons, ﬂoods and heavy
rainfall were very low compared with management
factors of accident causes throughout the whole
process.
4.3. Site location
The project site location of collected data was classiﬁed
into three areas; ﬂat area, riverine area and coastal area.
Based on site location criteria, the order of accident
frequency was determined to be as following: coastal
area, riverine area and ﬂat area (Figure 3).
In the coastal area, the most frequent case was
mechanical defects, as well as construction defects,
each of which took up 21 cases (9.5%) out of 221 cases,
followed by 11 cases (4.9%) worker’s carelessness. The
insurance payouts broke down to 43.9% (17,728 Mill.
KWN) mechanical defects, 6.9% (2,453 Mill. KWN) ﬁre &
Figure 1. Average loss and accident frequency by construction/commissioning phase.
Figure 2. Average loss and accident frequency by project process rate.
Figure 3. Average loss and accident frequency by landform.
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explosion and 5.3% (2,115 Mill. KWN) construction
defects.
In the riverine area, the accident frequency was
estimated in the order of 25 mechanical defects
(11.3%), 21 worker’s carelessness (9.5%) and 19 con-
struction defects (8.6%). Among the insurance payouts,
there were 9.9% (3,998 Mill. KWN) of worker’s careless-
ness, 8.5% (3,416 Mill. KWN) of ﬁre & explosion and
7.4% (2,986 Mill. KWN) of construction defects
In the ﬂat area, worker’s carelessness had the high-
est frequency (15 cases, 6.8%) followed by mechanical
defects (13 cases, 5.9%) and electrical accidents (7
cases, 3.2%). In terms of insurance payouts, mechanical
defects amounted to 6.9% (2,794 Mill. KWN), Typhoon
4.7% (1,896 Mill. KWN) and construction defects 2.4%
(967 Mill. KWN), respectively.
4.4. Total duration
Total period of plant construction project is divided
into six categories by the year.
The main causes of accidents in 3 ~ 4, 4 ~ 5, 5 ~ 6
years project sections which have a high amount of
insurance payments was mechanical defect as 3.1%
(7cases), 5.0% (11cases), 8.1% (18 cases), respectively
(Figure 4).
In the section between 3 and 4 years, construction
defects had the highest frequency (11 cases, 5.0%)
followed by mechanical defects (6cases, 3.1%) and
worker’s carelessness (5 cases, 2.2%). Insurance pay-
outs broke down to 11.6% (4,669 Mill. KWN) mechan-
ical defects, 6.1% (2,459 Mill. KWN), ﬁre & explosion and
3.1% (1,259 Mill. KWN) construction defects.
In the section between 4 and 5 years, mechanical
defects had the highest frequency (11 cases, 5.0%)
followed by worker’s carelessness (6 cases, 3.1%).
Among the insurance payouts, there were 3.0%
(1,210 Mill. KWN) of mechanical defects and 1.14%
(457 Mill. KWN) of construction defects
In the section between 5 and 6 years, mechanical
defects had the highest frequency (18 cases, 8.1%)
followed by worker’s carelessness (9 cases, 4.1%), and
construction defects (7 cases, 3.2%). Insurance payouts
broke down to 11.82% (4,766 Mill. KWN) mechanical
defects, 6.0% (2,407 Mill. KWN) typhoon and 4.2%
(1,704 Mill. KWN) ﬂood.
5. Regression analysis
The regression model proposed in this study is to
present quantitative grounds through the model for
predicting the appropriate insurance payment for the
objective damage compensation of the plant construc-
tion project. The regression model equation to be
tested in this study is as follows.
5.1. Regression model and dependent variable
LR ¼ β0þβ1  CCþβ2  PRþβ3  LFþβ4TD (1)
where, LR: Loss Ratio
CC: Construction/Commissioning
PR: Process Rate
LF: Landform
TD: Total Duration
The dependent variable representing the quantita-
tive loss in the regression model is expressed as the
ratio of the compensation amount to the total con-
struction as shown in equation (2), which is referred to
as the loss ratio.
Loss Ratio ¼ Claim payments
Total costof plant project
(2)
5.2. Normality
As this study focuses on providing statistical evidence,
the normality was tested by a histogram, Q-Q plot
(Figure 5), Shapiro–Wilk test (Table 3). The dependent
variable, loss ratio values, is biased to the left. Hence,
the log transformation was used to make data conform
to normality as in Equation (3).
Transformed LR ¼ ln LRð Þ (3)
Log transformed loss ratio’s normal distribution is
checked whether the distribution has a bell shape,
lies on a straight diagonal line (Figure 6). SW normality
test also oﬀers a clear evidence of normal distribution
Figure 4. Average loss and accident frequency by total project duration.
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(Table 4). If p-value is higher than 0.05, the null hypoth-
esis that the data is a distributed normally fails to be
rejected. That is, the result can be interpreted that the
data is normally distributed.
5.3. Independent variables
Plant construction projects require a higher risk man-
agement at the commissioning phase compared to
general construction projects.
In this regard, existing studies have asserted that
commissioning phases in plant construction projects
are crucial, albeit its tendency to be somewhat
temporary. In addition, the studies have indicated an
urgent need for systemized risk management on com-
missioning phases. Existing studies on a risk-damage
function have considered location as an element of
analysis. Ryu, Son, and Kim (2016), for example,
included the site location such as suburban, urban,
metropolitan, etc. This study also used the site location
as an element of analysis and included a classiﬁcation
such as coastal, riverine and ﬂat area; distance from
coastal (Kim, 2019) and riverine are considered as key
factors in the building vulnerability model due to nat-
ural disasters. In this study, to identify each land type,
address zip code data, which was retrieved from the
insurance record, was used. In risk analysis modeling,
cost and duration risk have been considered as key
inﬂuential factors in project risks and adopted in much
of the research. In particular, studies on cost and dura-
tion risk highlighted the importance of the factors
approaching the issue qualitatively, and yet advocated
for quantitative approaches.
Table 4. Normality test of transformed-dependent value.
Shapiro-Wilk
Statistic df sig.
ln(LR) .988 221 .062
Figure 5. Normal Q-Q plot and histogram for dependent value.
Table 3. Normality test of dependent value.
Shapiro-Wilk
Statistic df sig.
LR .179 221 .000
Figure 6. Normal Q-Q plot and histogram for transformed dependent value.
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Table 5 indicates the criteria of independent vari-
ables in detail. The regression model in this research
identiﬁes, as its independent variables, 1) geographi-
cal factor: landform and 2) project information (pro-
cess rate, total duration, construction and
commissioning phases). On the premise from the ear-
lier chapter that as a unit of independent value, loss
ratio increases based on analysis of accident fre-
quency and claim payout, this research veriﬁes that
particular independent variables are inﬂuencing loss
ratio.
5.4. Result
The regression model was analyzed by four indepen-
dent variables using construction/commissioning
phase, schedule rate, landform and total construction
duration. Tables 6 and 7 show the ANOVA test and
coeﬃcients of the regression model. The p-value of
F test for the regression model was less than 0.05.
Also, it could be seen that there is no problem of
multicollinearity through the Variance Inﬂation Factor
(VIF) values range from 1.096 to 1.314. The Adjusted R2
value is 0.266 and this regression model has an expla-
natory power of 26.6%. The R2 value could be
increased by adding diﬀerent valid factors such as
the ﬁve independent variables suggested in this study.
The predicted loss model can be estimated from the
regression coeﬃcients derived from this regression ana-
lysis. The model is shown in the following equation (4).
ln LRð Þ ¼ 4:968þ :705  CC þ :260  PRþ :411  LF
 :164  TD (4)
where, LR: Loss ratio
CC: Construction/Commissioning
PR: Process Rate
LF: Landform
TD: Total Duration
According to the loss prediction model, when the
independent variable construction/commissioning value
is changed in units of ‘1ʹ, the variation rate of the depen-
dent variable ‘0.705ʹ is obtained.
In other words, it can be predicted that the con-
struction phase has a higher loss rate than the com-
missioning phase. When the cumulative process rate is
changed by ‘1ʹ unit, it aﬀects the loss ratio ‘0.260ʹ. The
eﬀect of ‘0.411ʹ on the loss rate of the dependent
variable depending on the change of units of ﬂat
land (1), riverine area (2), and coastal area (3). The ‘1ʹ
unit increase in the total construction period aﬀects
the negative value of ‘−0.164ʹ. That is, the longer the
total project duration, the lower the loss rate can be
interpreted. The eﬀect of construction/commissioning
is the most inﬂuential independent variable on the
dependent variable through the standardized regres-
sion coeﬃcient and followed by the landform, process
rate and total construction duration.
6. Discussion and conclusion
As the demand for plant construction projects and the
complexity of those projects increase, a quantitative
risk assessment model is required to decrease ﬁnancial
damage on risks and unpredictable losses. In this
study, authors collected actual insurance payment
data of an insurance company for quantitative risk
analysis. The insurance payouts by material damage
were targeted for the damage loss of the plant con-
struction projects from 2001 to 2016. The causes of the
accident were classiﬁed into 12 categories according
to the construction contract insurance policy and
actual accident records. As a result of analysis of the
cause of the accident, it was conﬁrmed that the loss of
the plant construction is focused on the worker’s care-
lessness, construction defects and mechanical defects
which are more administrative factors than loss caused
by natural disasters. For the quantitative risk analysis,
multiple regression analysis was performed. The loss
ratio was used as a dependent variable and the con-
struction/commissioning phase, topography, process
rate and total construction period were used as inde-
pendent variables to develop the plant construction
risk assessment model.
Table 6. ANOVA and adjusted R square.
Model Sum of squares df Mean square F Sig.
Adj.
R2
Regression 238.657 4 55.914 19.504 .000 .266
Residual 604.881 216 2.867
Table 7. Coeﬃcients in the model.
Indicators B Std, Error t Sig. VIF
(Constant) 4.968 1.003 4.952 .000
Construction/Commissioning .705 .305 2.308 .022 1.317
Process Rate .260 .104 2.500 .013 1.278
Landform .411 .153 2.695 .008 1.085
Total Duration −.164 .072 −2.258 .025 1.153
Table 5. Criteria of independent variables.
Factor Unit Description
Geography Land form 1 Flat land
2 Riverine
3 Coast
Project
Info.
S
c
a
l
e
Schedule
Rate
1 0–20(%)
2 20–40
3 40–60
4 60–80
5 80–100
Total Duration 1 −1(yr)
2 1–2
3 2–3
4 3–4
5 4–5
6 5–6
Phase Commissioning 1 Commissioning Phase
Construction 2 Construction Phase
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Regression analysis showed a loss prediction model
with explanatory power of 26.6% and suggested inde-
pendent variables are statistically signiﬁcant. Through
this study, it is possible to establish an appropriate risk
countermeasure reﬂecting the distinctive characteris-
tics of project. This study could be used as
a fundamental guideline for decision-making and pre-
diction of ﬁnancial loss in plant construction project.
This research adopted a record of insurance claim
payouts and project information aiming to analyze the
plant construction risks and to assess the losses caused by
the risks. The relationship between loss ratio and the valid
variables has been veriﬁed as statistically signiﬁcant;
therefore, this research concludes that the loss assess-
ment model is in turn statistically signiﬁcant. Such ﬁnd-
ings have contributions to many relevant sectors,
including construction companies, insurance/reinsurance
companies, other risk assessment agencies alike. The risk
assessment model suggested in this study can be
adopted in predicting potential economic loss in insur-
ance and reinsurance companies. In other words, the loss
assessment model can provide insurance/reinsurance
companies with an alternative option in estimating the
maximum loss of an individual plant construction project,
setting an event limit, and more importantly, in estimat-
ing the appropriate premium. In insurance business deal-
ing with plan constructions, premiums composed of
speciﬁc risks, uncertain risks, administrative prices and
plant construction risks. Deciding a proper premium
depends on the estimation on the amount of loss by
project characteristics or natural disasters, estimation of
themaximumamount of loss incurred from the insurance
policy currently in operation and for the accumulative risk
management of the plant construction project. The loss
assessment model suggested in this study contributes to
arriving at a more informed and better considered deci-
sion. Plant construction companies can also beneﬁt from
the ﬁndings of this study, especially through the analysis
of accident causes and of the loss based on project pro-
cess stage, in terms of improving their design and man-
agement guidelines. If risks of plant construction projects
are quantiﬁed and proportioned, it helps managing,
responding to and ultimately reducing the potential
loss. And thus, the framework and the ﬁndings of this
study will be able to contribute to improving plan con-
struction companies’ judgment in risk management. This
study is novel as it provides an additional possibility in risk
analysis, as it provides realistic and quantiﬁed values;
these in turn can also contributes to more timely eﬃcient
andmore informeddecision-making. Risk cost is regarded
as the most common scale in risk analysis; many studies
have also used the risk cost. For this reason, the use of the
actual record of the cost, such as insurance claim payout
in the assessment will not only advance the accuracy and
validity of the analysis and decision-making, but will also
providemore insight in to the realm of plant construction
as well as the insurance industry.
Although the trustworthiness was tried to obtain by
utilizing the data collected for a long period of time, over
adecade fromamajor insurance company, it is admissible
that the data were collected from one single source and
that it leaves a room for improvement. Therefore, if the
data included more than one sources, for example, pay-
out records from several insurance companies and
records from not only insurance companies but also
damage assessment agencies, the argument and its relia-
bility of this paper could have been more robust. For this
reason, in future studies, the results need to be veriﬁed
with data obtained from more various sources.
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